Herbivore natural enemies, including predators, parasitoids and parasites, protect plants by 15 regulating herbivore populations. Some parasites can increase their transmission efficiency by 16 manipulating host behavior. Whether natural enemies can manipulate herbivore behavior to 17 increase top-down control, however, is unknown. Here, we investigate if and how the 18 entomopathogenic nematode Heterorhabditis bacteriophora, an important biocontrol agent, 19 modulates the behavior of the western corn rootworm, Diabrotica virgifera virgifera, a major 20 maize pest, and how these behavioral changes affect the capacity of the nematode to control the 21 rootworm. We found that healthy rootworm larvae are attracted to nematode-infected cadavers 22 shortly before the emergence of the next generation of nematodes. Nematode-infected rootworms 23 release distinct volatile bouquets, including butylated hydroxytoluene (BHT), which attracts 24 rootworms to infected cadavers. In a soil setting, BHT attracts rootworms and reduces nematode 25 resistance, resulting in increased infection rates and rootworm mortality as well as increased 26 nematode reproductive success. Five out of seven tested insect species were found to be attracted 27 to nematode-infected conspecifics, suggesting that attraction of healthy hosts to nematode-infected 28 cadavers is widespread. This study reveals a new facet of the biology of entomopathogenic 29 nematodes that increases their capacity to control a major root pest by increasing the probability of 30 host encounters. 31 Keywords: Belowground tritrophic interactions, entomopathogenic nematodes, prey attraction, 32 parasitism strategies, butylated hydroxytoluene 33 34
INTRODUCTION 6
These experiments show that the interaction between maize, WCR and EPNs results in dynamic 107 changes in WCR recruitment over time, with maize+WCR+EPN complexes becoming attractive 108 as WCR infection by EPNs progresses. 109 To better understand the factors that render plant-herbivore-nematode complexes attractive to 110 WCR 96 hr post infection, we quantified WCR recruitment to WCR and EPNs individually and in 111 combination. Plants in the presence of WCR or EPNs alone were not attractive to WCR than plants 112 alone at this time point. However, plants in the presence of WCR under EPN attack were attractive 113 to WCR larvae (Fig. 1E ). We next tested whether the cadavers of EPN-infected WCR larvae attract 114 WCR by putting infected cadavers and uninfected WCR larvae into small filter paper cages and 115 burying them beneath individual maize plants. WCR larvae preferred EPN-infected WCR cadavers 116 over uninfected cadavers (Fig. 1E ). Time course analysis revealed that the attraction to infected cadavers was strongest 96 hr after infection, shortly before the emergence of infective 118 juveniles ( Fig. S1 ). To better understand how WCR larvae respond to the presence of EPN-infected 119 cadavers, we performed additional behavioral experiments in petri dishes (25) using EPN-infected 120 and uninfected WCR cadavers and small root pieces to provide plant background odors. WCR 121 larvae visited infected cadavers more often than uninfected cadavers ( Fig. 1F ) and spent more time 122 per visit on infected cadavers (Fig. 1G ). The number of root visits was also increased for roots that 123 were close to infected cadavers ( Fig. 1F ). WCR larvae did not show any preference for uninfected 124 or EPN-infected cadavers in the absence of plant roots (Fig. S2A ). We hypothesized that this may 125 either be due to plant background odors which are required to elicit WCR search behavior, or due 126 to plant-mediated attraction, where EPN-infected WCR cadavers render roots more attractive to 127 WCR. To test the second hypothesis, we exposed maize roots to uninfected and EPN-infected 128 cadavers, removed the cadavers and evaluated WCR choice. WCR larvae did not show any 129 preference for the different roots ( Fig. S2B ). Together, these experiments demonstrate that EPN 130 infection of WCR directly increases volatile-mediated recruitment and cadaver contact of healthy 131 foraging WCR larvae. 132 Nematode-infection induces volatile release from herbivore cadavers 133 To identify possible volatile cues that may attract WCR to EPN-infected cadavers, we performed 
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Headspace solid phase micro extraction (SPME) and GC-MS followed by automated alignment increased WCR recruitment to EPN-infected cadavers ( Fig. S1 ). Therefore, further investigations 162 focused on BHT as a potential volatile attractant of WCR. BHT has originally been described as a 163 synthetic antioxidant (26), but is also naturally produced by cyanobacteria, algae, and fungal 164 pathogens (26, 27). To test whether the EPN endosymbiontic bacterium Photorhabdus laumondii 165 subsp. laumondii (28) may be responsible for BHT production, we injected it into WCR larvae 166 directly, which resulted in visual infection symptoms and mortality similar to EPN infection. No
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BHT release from P. laumondii infected WCR cadavers was detected ( Fig. S4B ). P. laumondii 168 grown in vitro did not release any BHT either ( Fig. S4B ). We also did not detect any BHT release 
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Based on the correlation between BHT release and WCR attraction ( Fig. S1 and S4), we larvae was three times higher on the BHT supplemented side (Fig. 4C ), and three times more 205 nematodes of the next generation emerged from the BHT side ( Fig. 4D ). Thus, the increase in BHT-206 mediated WCR recruitment is associated with increased predation success and total offspring 207 production of entomopathogenic nematodes.
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As EPNs themselves are also attracted by BHT ( Fig. 3C ), we measured whether EPNs from the 209 control side of the arenas may have moved to the BHT side by using a Galleria melonella baiting 210 approach (29). EPNs to one side of the arena led to G. melonella infection of the other side, and 211 the infection rate was slightly increased when BHT was added ( Fig. S5) . Thus, the observed 212 increase in WCR predation is likely to be the result of increased WCR recruitment, increased WCR 213 susceptibility and increased EPN recruitment. 
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Recruitment of healthy hosts to nematode infested cadavers is widespread and associated 223 with the induction of species-specific volatile profiles 224 As H. bacteriophora is a generalist parasite that can infect many other insect species above and 225 below ground, we investigated whether H. bacteriophora infection also increases the recruitment 
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of EPN-infected G. mellonella larvae (mean ± SEM) exposed to soil collected from water (H2O) and BHT sides of the 646 different arenas (n=12). Star indicate significant differences (*: p<0.05).
